Abstract-Ubiquitous Computing systems stand to bring many benefits in life. To achieve this, such systems will require unprecedented levels of data to be collected, in real time, about users. One issue with this level of data collection is that monitoring can often cause users to change their behavior, potentially rendering the data collected inaccurate. The PSA-BI model was developed to predict the behavior/responses of users to a monitoring system based on the causal relationships between system characteristics, perceptions and behavioral intention. This paper presents a study exploring how Japanese office workers in Kyoto University perceive and react to a wearable Ubiquitous Monitoring device.
INTRODUCTION
A world of Ubiquitous Computing (UC), full of networked mobile and embedded technologies is approaching. The benefits of this technology are numerous, and act as the major driving force behind its development. These benefits are brought about, in part, by Ubiquitous Monitoring (UM): the continuous and wide spread collection of significant amounts of data about users [1] . While UM is a source of many of the benefits of the technology, it may also play a role in its failure. To appreciate the potential negative aspects of this new type of monitoring, we must look at existing monitoring technologies and methods such as: closed circuit television cameras, human observation, health-based systems in hospitals and automated city travel passes. These systems share a common social implication where they can often be found to undesirably influence the behavior of those using them (i.e. being observed) [2] [3] [4] [5] ; in addition to causing feelings of stress and distrust [2] .
In light of this, we anticipate that both behavioral change and other undesirable effects are likely to continue to occur in UM systems. Furthermore, given the reduction in physical constraints (e.g. walls, floors and distance) that hinder existing technologies, the effects of the monitoring are likely to become amplified. The problem this creates for the field of UC is that if the system used to collect naturalistic data about users is influencing their behaviors and cognitive state, then the data collected is unlikely to be accurate. As a result, the system may provide a sub-optimal response or, at worst, suffer a failure.
In response to this issue, a number of predictive models have been developed with the aim of minimizing or preventing undesirable behaviors prior to a UM systems development and implementation. Such models would allow designers to explore the potential behavioral impacts of their system designs without costly developments and negative social reactions; which could resolve many social issues before they occur. One of the implications of such tools is the ability for designers to potentially manipulate the behaviors of users of their systems. This arguably leaves the responsibility and assessment of the morality surrounding the outcomes of the monitoring system in the hands of the designer.
II. EXISTING FRAMEWORKS
The ubiquitous computing acceptance model [6] , and the awareness monitoring model [7] , are highly relevant existing frameworks proposed to help guide feature research or model the undesirable effects of pervasive computer systems. While both are useful for conceptualizing the problem space, they fail to consider many of the core aspects of UM and behavioral change. The Perceptions of System AttributesBehavioral Intention (PSA-BI) model was developed to address these issues [1] .
Like the above models, the PSA-BI model is grounded in aspects of sociological theories such as the Theory of Planned Behavior (TPB) [8] and Technology Acceptance Model [9] . What differentiates this model is the direct focus on UM technology, and the clear identification of specific behavioral influencing system characteristics. The complete model, which can be found in [1] , details how system characteristics (e.g. device intrusiveness, data types, degrees of user control) relate to, and can influence, user perceptions of a monitoring system. These perceptions are then used as a bridge to the TPB, acting as antecedents of attitudes, which in turn precede behavioral intentions and behavior [8] . In short, the model directly relates objective and subjective factors to user behaviors and responses.
While the model has been applied in a number of domains such as UC [1] , assistive technologies [10] and persuasion [11] , the impact of culture as an exogenous moderating variable has yet to be explored. One of the motivations for exploring this variable in particular (as opposed to age or gender) is an anticipated strong difference between people from different countries and cultures in their views of monitoring systems.
III. STUDY DESIGN
Japan as a country has a unique and intriguing culture, and as such is an ideal environment to explore the potential impact of culture on user perceptions, particularly as the PSA-BI model was based on data collected primarily in the UK. One of the notable aspects of Japanese culture is the general positive attitude towards technology adoption e.g. iMode [12] . Given that monitoring or surveillance in the Japanese public sphere is less pervasive than in other countries such as the UK [13] (likely due to low crime rates in Japan [14] ) their experience of large scale monitoring systems is likely to be limited. Further to this, it is interesting to note that some studies have suggested there is no direct translation for the word 'privacy' in Japanese [15] . This might partly reflect the state of Japanese attitudes and perceptions towards data collection and use; although does not necessarily mean the concept of privacy does not exist in modern Japan. With regards to Japanese workplaces and monitoring, they are commonly large open plan offices (e.g. [16] ) and as such there exists a 'direct' form of observation; though it may not necessarily be perceived this way.
To explore the influence of culture on the components of the PSA-BI model, a two-part study has been designed. The first part of the study was carried out in Kyoto University, Japan, and is reported on in this paper. This is to be followed by an analysis and comparison of a replicated study in the University of Reading, UK.
When studying user responses and behaviors involving a technology, their perceptions of the technology are of particular importance to understanding their actions. This is because these user's actions are grounded in their perceptions of reality, and not the reality itself. Hence perceptions of a system's characteristics are arguably more important than the characteristics themselves, particularly salient perceptions. These are the immediate perceptions (or attitudes) that a user has about a technology based purely on their previous experiences, with no other information available. For example, when you hear a song for the first time, your strongest initial responses to it can be described as salient. In terms of technology acceptance, perceptions such as ease of use and usefulness are frequently described as salient [17] [18] . Salient perceptions are of critical importance because they will likely influence the users subsequent experiences with the technology, and thus play a significant part in determining system acceptance and use [19] .
A questionnaire has been designed to measure user salient perceptions of a specific UM device (see Figure 1) . The image was used to invoke participant's salient perceptions based purely on what the device affords. Beyond the description of the device as 'wearable' and 'deployable in their work environment', no other information was presented to participants. This was intended to retain the salience of the participant's perceptions and reactions. The device shares a number of affordances with a name badge type object, including wearability and mobility, which we anticipate participants will focus on. One of the benefits of using this image is that participants can cognitively place the device in their own work environments. The device is also presented and introduced as a workplace monitoring system in the same way for all participants.
While there are a number of perceptions in the PSA-BI model [1] , it is difficult to explore them all in a single study. As such, a series of 6 prominent perceptions and attitudes were selected for testing (see Table 1 for the corresponding):
• Perceived Natural Border Crossings (PNC): defined as the degree to which a person feels that any natural borders have been crossed [1] , based on Marx [20] . In the context of a monitoring system's, PNC is related to its physical placement in relation to a person.
• Perceived Privacy Invasion (PPI): defined as the degree to which a person feels that the monitoring is invasive of their privacy [1] .
• • Attitude Toward Behavior (ATB): defined as a person's positive or negative view toward performing a specific behavior related to the technology e.g. use [1] .
• Facilitating Conditions (FC): defined as the degree to which an individual believes that the conditions exist which gives them control (or choice) over whether they perform a behavior [8] . For example, if the behavior were use of a wearable device, then the facilitating conditions would be related to whether or not a person is able to remove it.
• Behavioral Intention (BI): defined as an individual's readiness to perform a given behavior, and acts as the direct antecedent of behavior according to the TPB [21] . The behavioral intention under investigation in this study is whether or not a participant would wear the tag presented in Figure 1 .
The hypothesized (and tested) relationships between each of these components, as determined by the PSA-BI model [1] , can be seen in Figure 2 . These hypotheses are grounded in evidence from the ubiquitous computing and surveillance/monitoring literature. One of the main hypotheses for this study is that the Japanese participants are expected to have positive attitudes and intentions toward the wearable workplace UM systems. This is based on existing work practices (i.e. observation in open plan offices) and a protechnology attitude. 
A. Measure Assessment and Sample Distribution
A series of three 7 point Likert items were adapted from previous research [1] for each factor (see Table 1 ). The letter 'r' indicates that this measure was reversed during statistical analysis, and was included as a negative/positive wording to prevent acquiescence bias. The measures were professionally translated into Japanese, and then crosschecked by both native and foreign fluent Japanese speakers. The items are designed to measure perceptions and attitudes related to the device in Figure 1 .
A paper based questionnaire was distributed to 500 office based administrative and support staff at Kyoto University, Japan. A total of 164 useable responses were received, giving a 33% response rate. With recommendations of 15 respondents per parameter, this sample size is considered sufficient for a structural equation modeling (SEM) analysis [22] . There was an equal 50% split between male and female responders. The majority of respondents (92.7%) work in open plan offices, most participants (81.0%) work full time, and the most common (92.1%) reported computer skill level was between Novice and Intermediate (a modest response). The measures were assessed for both convergent and discriminant validity. Convergent validity was demonstrated by all factor loadings and average variance extracted (AVE) values being > 0.5, and all composite reliability and alphas are ≥ 0.7 [22] (see Table 2 ). Alpha measures for BI were reduced by the inclusion of Bi1, so it was removed to improve the reliability.
Discriminant validity was confirmed by values of AVE > 0.5, and the square roots of AVE being higher than all other correlations among constructs [22] (see Table 3 ). However, it should be noted that measure for ATB showed weak discriminant validity, but was still included in the analysis.
SEM simplifies the exploration of multiple hypotheses [22] making it an ideal approach to test the relationships selected from the PSA-BI model. Given that the measures were not normally distributed, the Generalized Least Squares (GLS) statistic was used to estimate the structural model as it is unaffected by non-normality [22] . 
IV. RESULTS AND DISCUSSION
The structural model produced by AMOS is shown in Figure  2 . All of the hypothesized relationships were met, with strong estimates for relations at the p<0.001 level. The regression coefficients (β) are unstandardized and R 2 shows the variance. The GFI (0.864) and RMSEA (0.58) measures were used to assess how well the model fits the data, and indicated a medium to good fitting model [22] .
Looking at the structural model, PNC showed a medium strength (β=.485) positive relationship with PPI, but only explained 20% of the variance. It is interesting to observe that the Japanese respondents felt the device would be physically invasive given that Japan is often perceived as more technologically orientated than other cultures. While interesting, it is not necessarily surprising given the findings reaffirm the relationship between physical and privacy invasions found in other research [23] .
PPI displayed a strong negative relationship ( = -.625) with ATT, explaining 52% of the variance. This shows that the more invasive of privacy the device was perceived to be, the less positive a respondent's attitude was toward it. Again, as Japan has a wide acceptance of technology, privacy invasion in this instance appears to be influencing the generally positive attitudes toward technology. One reason for this might be the lack of explicit justification.
ATT shows a strong relationship with ATB ( =.750), explaining 82% of the variance. The behavior in this study (wearing the tag) is strongly associated with the technology itself. The salient characteristics of the system (e.g. position on the body) are influencing the attitude towards the technology itself, which are in turn influencing attitudes towards the way the device is intended to be used. This demonstrates the propagation of influence through the model, which is further supported by the strong relationship between ATB and BI ( =.792); as anticipated based on the TPB [8] .
There is also a weak relationship ( = -.231) between FC and BI, where the more control/choice a person feels they have in wearing the device, the less likely they are to wear it. This is a particularly interesting result, as Japanese people frequently comply with obligations when their behaviour (in this case wearing/not wearing the tag) is visible [24] . This suggests that participants salient perception is that they are not obliged to where the tag. We are likely to see different values for this relationship if the tag were strongly justified or enforced for use in the workplace. Given attitudes towards the device, it is apparent that participants who felt they had a choice in wearing the tag would likely exercise it. Combined, FC and ATB explain 42% variance in BI, which suggests that the other factors in the PSA-BI model may be important in explaining the remaining variance.
The study is limited in a number of ways: the hypothetical introduction of a device may not have invoked realistic responses from participants, although participants were able to cognitively place the device in their own environments. Secondly, it should be acknowledged that the sample size and response rate were small, limiting the generalizability of the results. However, the sample was sufficient to justifiably perform an analysis using SEM, and provides some insights into Japanese perceptions of workplace UM systems. Finally the prediction of the behavioral intention to wear the tag was not validated, which will require further studies. Aside of these limitations, a number of important conclusions can be drawn from the first part of this study. It is interesting to observe that there are clear patterns in participant's salient perceptions of the device. It suggests that people, when first presented with a device, think along similar lines. A better understanding of salient perceptions could lead to more effective ways of introducing technology to new users. The results also provides an interesting insight into how Japanese people negatively view and, saliently perceive, monitoring technologies in the workplace, where personal space and privacy invasion appear to be prominent issues. This is in direct contrast to what we expected, which was a more positive and open view to the technology.
V. FUTURE WORK
The next steps are to make a direct comparison between the salient perceptions of the device by office workers in Kyoto University, with another study exploring the salient perceptions of office workers in the University of Reading, UK. The long-term aim of research involving the PSA-BI model is to fully test all the relationships with a variety of technologies, contexts and participants.
VI. CONCLUSIONS
Monitoring devices are known to influence the behavior of those being observed, potentially causing issues with the data collected. This is a serious problem for Ubiquitous Computing, and motivates the need for the predictive PSA-BI model. This paper describes the first part of a study exploring the influence of culture as an exogenous moderating variable on perceptions of a wearable monitoring system. The results show signs that those workers in the Kyoto University, Japan, saliently perceive the UM system negatively. A greater understanding of these perceptions could lead to more effective ways of introducing technology to new users, improving the user's subsequent experiences.
